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(g) Signal processor. 

@ A signal processor with a simplified circuit 
configuration provides an improved processing 
speed and can be realized of small size and at 
inexpensive cost. The signal processor includes 
signal holding means for holding output signals 
from plural signal sources (S1 - S4), and signal 
mixing means (M31 - M34) for mixing at least 
two signals among the plural signals held to 
output plural mixed signals. Since the mixed 
signals are less than the signal sources in num- 
ber, the small number of signal lines can lead to 
an increased processing speed. Then the mixed 
signals conres ponding to discrete signals from 
plural signal sources enables processing with- 
out substantially destroying information. 
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BACKGROUND OF THE INVENTION 



Field of the Invention 



The presentlnvention relates to a signal proces- 5 

sorter processing pluraJ signals and used for informa- 
tion storage devices, photoelectric converters, and 
the like. 



Related Background Art 



10 



In image sensors and semiconductor ^memory 
devices, typically, read-only memories (ROMs) a X-Y 
address system configuration is employed, where a 
shift register performs a vertical scanning operation 15 
and a horizontal scanning operation to output sequen- 
tially chronologically externally output signals from 
signal sources such as memory cells and photo cells. 

An explanation will be made as for an example of 
the conventional signal processor. Fig. 1 is a circuit di- 20 
agram showing the conventional signal processor. 
Fig. 2 is a drive timing chart for the conventional sig- 
nal processor. 

Referring now to Fig. 1, signal sources S1, S2, 
S3, and S4 are typical photo cells each for outputting 25 
a voltage. The photo signals are chronologically out- 
putted to the output line 5 via N-type MOS transistors 
M11, M12, ... M14, M21, M22 ... M24 acting as switch- 
ing elements, and capacitance elements C11, C12 ... 
C14 acting as signal holding means. 30 

First when a pulse applied to the terminal 1 rises 
up at the time to, the photo signals for the cells M11 
to M14 are read out and held to the capacitance ele- 
ments C11 to C14, respectively. Then when the pulse 
applied to the terminal 1 falls down, the scanning cir- 35 
cuit 1 1 starts to operate. Aselection pulse is outputted 
to the signal line L1 at the time t 2 . At this time, the sig- 
nal held in the capacitance element C1 1 is outputted 
to the terminal 12 via the signal line 5 and the output 
amplifier 10. 40 

Then when the pulse on the signal line L1 falls 
down and the reset pulse is applied to the terminal 2 
at the time t*. the output line 5 is reset to the reset ref- 
erence potential of the terminal 3. 

Similarly, the output operation and the reset op- 45 
eration are repeated for the remaining signal sources 
S2 to S4. The signals which are read out in parallel 
from the signal sources S1 to S4 and then held in the 
capacitance elements C11 to C14 are converted into 
time series signals. 50 

In an actual signal processor, the signal sources 
are over 100 in number, and is recently over 100 thou- 
sands in number. 

Hence even if the reading time per signal source 
is short, it is limited to reduce the time necessary to 55 
output signals from all signal sources as time series 
signals. 

On the other hand, in many cases, when photo 



cells are used as the signal sources, the signals from 
the signal sources are outputted as visible images. As 
for such images, the case may occur where a bright 

signaLoccupies only a-very small region in one frame 

and a dark signal occupies the remaining region 
thereof as if a match flames in the dark. 

In such a case, the conventional signal processor 
performs necessary image signal process by output- 
ting all cell signals chronologically and then storing 
them in an external random access memory. 

Hence the conventional processor is enough for 
general purpose devices. However, the processing 
rate cannot be improved because access to all cells 
causes unnecessary signal outputting time when a 
process is performed using only a partial signal. 

This technical problem is applied in common not 
to the photo cells but also to the sequential signal out- 
putting devices. 

In order to overcome the above mentioned tech- 
nical problems, a concern of the present invention is 
to provide a signal processor which can provide an im- 
proved processing speed. 

Another concern of the present invention is to 
provide a small signal processor which can perform 
a signal process with its relatively simplified circuit 
. configuration and at an inexpensive cost. 

A further concern of the present invention is to 
provide a signaJ processor which can be integrated in 
a signal semiconductor chip which outputs a mixed 
signal and a discrete sTgnal. 

According to an embodiment of the invention, a 
signal processor is characterized by plural signal 
sources; plural signal holding means for holding out- 
put signals from the plural signal sources; and signal 
mixing means for mixing at least two discrete output 
signals among the output signals held by the plural 
signal holding means to output plural discrete mixed 
signals. 

In the configuration according to another embodi- 
ment a signal processor is characterized by at least 
four signal sources; plural signal holding means for 
holding output signals from the signal sources; signal 
mixing means for mixing at least two discrete signals 
among output signals held by the plural signal holding 
means to produce at least two mixed signals; and dis- 
crete signal outputting means for producing respec- 
tively the output signals from the plural signal sourc- 
es. 

According to an embodiment of the present in- 
vention, mixed signals less than signal sources in 
number is obtained by mixing suitable discrete signals 
from many signal sources. 

Hence the signal processing rate can be largely 
improved because of a small number of discrete sig- 
nals to be processed. The small number of discrete 
signals can reduce the scale of the peripheral circuits, 
thus widening the applicability to systems. 

The mixed signals, which are representative of 
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plural original 1 discrete signals and Include nondes- 
tructive information, are particularly effective when 
information is roughly processed. 

According to another embodiment (configura- 
tion) the signal processor includes means for adding 
signals from plural signal sources including means for 
adding signals from the signal sources and convert- 
ing to a current; and means for outputting a signal in 
accordance with an added current 

According to an embodiment of the present in- 
vention, addition signals less than signal sources in 
number may be obtained by adding suitably discrete 
signals from many discrete signal sources. 

Hence the signal processing rate can be largely 
improved because of a small number of discrete sig- 
nals to be processed. The small number of discrete 
signals reduces the scale of the peripheral circuits, 
thus widening the applicability to systems. 

The addition signals, which are representative of 
plural original discrete signals and include nondes- 
tructive information, are particularly effective when 
information is roughly processed. 

According to an embodiment of the present in- 
vention, a desired process is not performed by chron- 
ologically outputting all the output signals from many 
signal sources and then storing them in a memory. 
However, the output signals from plural signal sourc- 
es in a pre-selected group (block) are mixed and then 
the mixed signals are outputted chronologically. 

In a concrete example, 200 signal sources are 
divided to 10 blocks, one block including 20 signal 
sources. The signal mixing means is arranged to each 
block and mixes 20 discrete signals in each block to 
make 10 mixed signals in total. Hence in order to treat 
10 mixed signals as representative signals of all the 
signal sources, the signal processing system in rear 
stage becomes small in scale such that only 10 dis- 
crete events, or 1/20 of 200 discrete events, are treat- 
ed. 

Particularly, in the image sensors representative 
of line sensors and area sensors, the common image 
reading operation is established by specifying plural 
adjacent photo cells as signal sources to be mixed al- 
though the resolution may be degraded, compared 
with with no mixing case. 

Hence the present invention is preferably em- 
ployed in the case where an entire image trend is de- 
sired to read at high speed rather than high resolution. 

Furthermore, when it is desired that only a limited 
area within an image is read with high resolution after 
an entire image trend has been read based on a 
mixed signal, the signal mixing means can read a dis- 
crete signal from each cell within a necessary block 
by controllably stopping the operation of the signal 
mixing means after the mixed signal reading opera- 
tion. 

According to an embodiment of the present in- 
vention, passive elements such as capacitors and re- 



sistors and active elements such as diodes and tran- 
sistors are used for the signal source. A photo cell 
such as a photoelectric element and a photoconduc- 
tive element is particularly preferable as the signal 

5 source to produce an electrical signal including infor- 
mation. A nondestructive readout-type photo cell, 
which uses a field effect transistor and a static induc- 
tion transistor with a charge accumulating gate and a 
bipolar transistor with a charge accumulating base (to 

10 be described), is more preferably used for the photo 
cell. 

A capacitance element as well as a latch circuit 
are used as signal holding means according to the 
embodiment of the present invention. A sample and 

15 hold circuit including a capacitance element is used in 
concrete when an analog signal is treated. 

In the signal mixing means according to the em- 
bodiment of the present invention, it is preferable to 
use a transistor and a charge coupled element as a 

20 switching element connecting plural capacitance ele- 
ments. Adding means is used as the mixing means in 
the present embodiment. 

The concrete embodiments according to the 
present invention will be described in detail below. 

25 The present invention should not be limited to those 
embodiments. According to the present invention, 
substitution for equivalents of the structural ele- 
ments and modification of material can be made with- 
in the scope in which the objects of the present inven- 

30 tion can be achieved. 

These and other concerns of the present inven- 
tion will become apparent from the following draw- 
ings and detailed description taken in connection with 
the drawings. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit diagram for a conventional signal 
processor; 

40 Fig. 2 is a drive timing chart for the conventional 

signal processor; 

Fig. 3 is a circuit diagram for the signal processor 
" according to the first embodiment of the present 
invention; 

45 Fig. 4 is a drive timing chart for the signal proc- 

essor according to the first embodiment of the 
present invention; 

Fig. 5 is a circuit diagram for the signal processor 
according to the second embodiment of the pres- 
50 ent invention; 

Fig. 6 is a circuit diagram for the signal processor 
according to the third embodiment of the present 
invention; 

Fig. 7 is a drive timing chart for the signal proc- 
55 essor according to the third embodiment; 

Fig. 8 is a circuit diagram for the signal processor 
according to the fourth embodiment of the pres- 
ent invention; 

3 
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Fig. 9 is a drive timing chart for the signal proc- 
essor according to the fourth embodiment of the 
present invention; 

Fig. 10 is a circuit diagram for the signal proces- 



sor according to the fifth embodiment of the pres- 
ent invention; 

Fig. 11 is a drive timing chart for the signal proc- 
essor according to the fifth embodiment of the 
present invention; 

Fig. 12 is a drive timing chart for the signal proc- 10 
essor according to the fifth embodiment of the 
present invention; 

Fig. 13 is a circuit diagram for the signal proces- 
sor according to the sixth embodiment of the 
present invention; 15 
Fig. 14 is a drive timing chart for the signal proc- 
essor according to the sixth embodiment of the 
present invention; 

Fig. 15 is a drive timing chart for the signal proc- 
essor according to the sixth embodiment of the 20 
present invention; 

Fig. 16 is a circuit diagram for the signal proces- 
sor according to the seventh embodiment of the 
present invention; 

Fig. 17 is a drive timing chart for the signal proc- 25 
essor according to the seventh embodiment of 
the present invention; 

Fig. 18 is a circuit diagram for the signal proces- 
sor according to the eighth embodiment of the 
present invention; 30 
Fig. 19 is a line diagram showing the character- 
istics of the variable capacitor acting as a capac- 
itance element used for the present invention; 
Fig. 20 is a circuit diagram for the signal proces- 
sor according to the ninth embodiment of the 35 
present invention; 

Fig. 21 is a drive timing chart for the signal proc- 
essor according to the ninth embodiment of the 
present invention; 

Fig. 22 is a block diagram for the signal process- 40 
ing system used for the signal processor accord- 
ing to the present invention; 
Fig. 23 is a circuit diagram for the signal proces- 
sor according to the tenth embodiment of the 
present invention; 45 
Fig. 24 is a drive timing chart for the signal proc- 
essor according to the tenth embodiment of the 
present invention; 

Fig. 25 is a circuit diagram for the signal proces- 
sor according to the eleventh embodiment of the so 
present invention; 

Fig. 26 is a drive timing chart for the signal proc- 
essor according to the eleventh embodiment of 
the present invention; - 

Fig. 27 is a circuit diagram for the signal proces- 55 
sor according to the signal processor according to 
the twelfth embodiment of the present invention; 
Fig. 28 is a drive timing chart for the signal proc- 



essor according Jo the twelfth embodiment of the 
present invention; 

Fig. 29A is a circuit diagram partially showing the 
si gnal processor according to the thirtpgnth en> 
bodiment of the present invention; and 
Fig. 29B is a circuit diagram partially showing the 
signal processor according to the thirteenth em- 
bodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS ' 

The first embodiment according to the present in- 
vention will be explained briefly with reference to the 
circuit diagram shown in Fig. 3 and the timing chart 
shown in Fig. 4. 

Referring to Fig. 1 , according to the present in- 
vention, photo cells S1, S2, S3, and S4 are arranged 
one-dimensionally as signal sources to output an 
average signal in two pixel unit 

The configuration is different from the conven- 
tional configuration in that a scanning circuit 11 MOS 
FETs M31, M32, M33, and M34 acting as switching 
elements, an output line 5', a capacitance element 
C2\ and the like are arranged as the signal mixing 
means. 

In other words, signals are chronologically proc- 
essed in group (block) unit including two cells. A reset 
MOS FET MR' is connected to the output line 5\ The 
reset MOS FET resets the potential of the capaci- 
tance element C2' associated with the output line 
5* to the reference potential of the terminal 3' when a 
clock pulse is applied to the terminal 2\ Numeral 
10' represents an amplifier similar to the amplifier 
10. Numeral 12* represents an output terminal similar 
to the output terminal 12. 

A signal reading pulse is applied to the terminal 
1 at the time t,. The photo signals from the cells S1, 
S2, S3, and S4 are simultaneously read to the capac- 
itance elements C11 , C12, C13, and C14. 

When the scanning circuit 11' outputs the scan- 
ning pulse to the output line N1 at the time t 2 , the two 
MDS transistors M31 and M32 are simultaneously 
turned on. Then the average signal of photo signals 
accumulated to the cells S1 and S2 is outputted to the 
terminal 12* via the capacitance element C2* and the 
amplifier 10'. Then when a reset pulse is applied to 
the terminal 2' at the time t 3 , the transistor MR* is 
turned on while the output line 5' is reset. The block 
signal reading is completed by executing the above 
scanning operation to ail clocks. 

When the block signal has completely selected a 
necessary block, a pulse is again applied to the ter- 
minal 1. Then since the photo signals of the cells S1 f : 
S2, S3, and S4 are read to the capacitance elements 
C11, C12, C13, and C14 to drive the scanning circuit 
11 at the time U, the photo signal of each cell is read 
chronologically in a cell unit. 
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If the scanning circuit AY can start driving from an 
arbitrary ceil and end driving to an arbitrary cell, only 
a signal for a necessary block can be read out. 

If the cells St, S2, S3, and S4 are nondestructive- 
ly read out, photo signals can be read at the substan- 
tially same time as that for image information ob- 
tained through the block reading operation. 

A bipolar transistor with an emitter connected to 
a capacitance load and a base accumulating optically 
produced. Charges is desirable as the nondestructive 
read-out type sensor. The above bipolar transistor is 
disclosed, for example, in USP 4,791 ,469 which is en- 
titled "Photoelectric Converter", invented by Tadahiro 
OHMI and Nobuyoshi TANAKA, and USP 4,810,896 
which is entitled "Photoelectric Conversion Device 
with Reduced Fixed Pattern Noises", invented by No- 
buyoshi TANAKA. 

Fig. 5 is a circuit diagram showing the signal proc- 
essor according to the fifth embodiment of the pres- 
ent invention. The signal processor is different from 
the first embodiment in that the output signal from a 
single source is held by two capacitance elements via 
an amplifier and two switches. Thus although the first 
embodiment requires twice a signal holding operation 
to the capacitance element, the second embodiment 
can complete the signal holding operation once. 

In a brief explanation on operation, when a pulse 
is applied to the terminal 1, the amplifiers A1 to A4 
amplify signals for all cells S1 to S4 so that the am- 
plified signals are simultaneously held to the capaci- 
tance elements C11 to C14 and C11* to C14\ 

Next when the scanning circuit 11' turns on two 
MOS FETs M31 and M32, the amplifier 10' amplifies 
again the average signal held in the two capacitance 
elements C11* and C12' on the capacitance C2 f to 
output to the terminal 12'. Then after the reset MOS 
FET MR' has reset the potential of the output line 5\ 
the average of the output signals held in the two ca- 
pacitance elements C13' and C14' is outputted in re- 
sponse to the shift pulse N 2 . This process is sequen- 
tially performed to output chronologically the average 
value for each block to the terminal 12'. 

Thereafter, the scanning circuit 11 operates to 
output sequentially the signal from each cell. Thus the 
shift pulses are sequentially supplied to the output 
lines L1 to L4 so that the output signals for respective 
cells held in the capacitance elements C11 to C14 are 
sequentially chronologically outputted to the terminal 
12. 

According to the present embodiemnt, a nondes- 
tructive readout-type can be used as a signal source. 

The amplifiers A1 to A4 also are arranged if nec- 
essary. If the signal source has a sufficient low output 
impedance, the amplifiers can be omitted. 

Fig. 6 is a circuit diagram for the signal processor 
according to the third embodiment of the present in- 
vention. Fig. 7 is a drive timing chart for the signal 
processor according to the third embodiment of the 



present invention. 

In the third embodiment, switching elements are 
arranged to connect in common capacitance ele- 
ments in a group to one another. 
5 According to the present invention, there are two 

features including a single scanning circuit and a sim- 
plified driving method. 

When a pulse is applied to the terminal 1 at the 
time t u the photo signals from the cells S1, S2, S3, 
10 and S4 are simultaneously read out to the capaci- 
tance elements C11, C12, C13, and C14. 

Then when a pulse is applied to the terminal 4 at 
the time t 2f the MOS transistors M31, M32, M33, and 
M34 acting as switching elements are turned on. 
15 Since the capacitance elements C11 and C12 and the 
capacitance elements C13 and C14 are connected in 
common, the voltages are expressed as follows: 
Vc11 = Vc12 = (C11V1 + C12V2)/(C11 + C12) 
(D 

20 Vc13 = Vc14 = (C13V3 + C14V4)/(C13 + C14) 

(2) 

where V1, V2, V3, and V4 are signal voltages read to 
two capacitance elements C11 and C12, C13, and 
C14, respectively, and Vc12, Vc12, ... are respective- 
25 ly the voltages after two capacitance elements are 
connected. 

When a pulse from the scanning circuit is applied 
to the output line L1 at the time U. the MOS transistor 
M21 is turned on so that the signals on the two ca- 

30 pacitance elements C11 and C12 are transferred to 
the output line 5. At this time, when the potential of the 
terminal 3, or a reset potential for the output line 5, is 
0 volts, the voltage V0 on the output line 5 is. ex- 
pressed as follows: 

35 V0 = (C11 + C12)Vc11/(C11 + C12 + C2) (3) 
Next, with the output line 5 at a reset potential, 
since the MOS transistor M22 corresponding to the 
output line 12 on which a pulse is applied is turned on, 
the signal of the capacitance element C12 is reset 

40 without being outputted. Thereafter, outputting the 
average value and resetting are repeated in the same 
way. 

* Since the pulses applied to the lines L2 and L4 
have actually a very short pulse width, in comparison 

45 with the pulses for resetting the output lines L1 and 
L3, the scanning time for outputting the average val- 
ue is very shorter than all the cell scanning time. 

Next, the signals for the cells S1 to S4 are held 
again by the capacitance elements C11 to C14 at the 

so time t«. Then with the pulse at a low level applied to 
the terminal 4, the MOS FETs M21 to M24 are se- 
quentially turned on so that the signals held by the re- 
spective capacitance elements C11 to C14 appear 
sequentially chronologically on the terminal 12. 

55 Like the second embodiment to the first embodi- 

ment, the third embodiment employs such a structure 
that an amplifier is arranged to the output of the signal 
source and/or plural holding means are arranged a 
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single signal source. There are advantages in that the 
reading operation from the signal source to the hold- 
ing means is completed at a single cycle and a de- 
structive readout-type photoelectric conversion cell 
can be employed as a signal source. 5 

Fig. 8 shows a circuit diagram for the signal proc- 
essor according to the fourth embodiment of the pres- 
ent invention. 

According to the fourth embodiment, the first em- 
bodiment is applied to the two-dimensional sensor to 10 
output the average signal of the plural pixels (cells, for 
example, two pixels in the present embodiment) in 
vertical direction. 

An explanation will be made below as for the op- 
eration of the present embodiment with reference to 15 
the timing chart shown in Fig. 9. 

A pulse is applied from the vertical scanning cir- 
cuit 40 to the drive selection line H1 at the time tf. 
Photo signals from the cells S11, S12, S13, and S14 
for one column line are read out to the vertical lines 20 
51, 52, 53, and 54 at the time t 1t respectively. When 
the pulse is applied to the terminal 30 at the time t 2 , 
the MOS transistors M11, M12, M13, and M14 are 
turned on, whereby the photo signals are held to the 
capacitance elements C11, C13, C15, and C17. 25 

Then the signals S21, S22, S23, and S24 on the 
column line are read out to the capacitance elements 
C12, C14, C16, and C18 at the time t 3 , respectively. 

Then, the horizontal scanning circuit 1V outputs 
sequentially pulses to the output lines L1, L2, L3, and 30 
L4 so that the average signal of a pair of photo signals 
stored in the capacitance elements C11, C12, C13, 
C14, C15, C16, C17 and C18 is outputted to the ter- 
minal 20. 

As described above, after the average signals of 35 
the adjacent cells arranged in line on the two drive se- 
lection lines are outputted sequentially chronological- 
ly, the following two drive selection lines H3 and H4 
are selected to output sequentially chronologically the 
average signal of the adjacent cells arranged in thedi- 40 
rection of two column lines. 

Fig. 10 is a circuit diagram for the signal proces- 
sor according to the fifth embodiment of the present 
invention. The signal processor according to the fifth 
embodiment is one of the third embodiment applied 45 
to a two-dimensional sensor. In the signal mixing op- 
eration of the present embodiment, after a signal to 
the capacitance element has been held every two col- 
umns, a pulse is applied to the terminal 4 to connect 
two capacitance elements. Thus an average signal is so 
obtained and then sequentially scanned. 

Fig. 11 is a drive timing chartfor the fifth embodi- 
ment 

When the drive selection line H1 is selected and 
a clock pulse is applied to the terminal 30, the MOS 55 
transistors M11 to M14 are turned on, thus holding 
the signals in the capacitance elements C11, C13, 
C15, and C17. Next, when the drive selection line H2 



is selected and a pulse is applied to the terminal 31, 
the MOS transistors M21 to M24 are turned on, thus 
holding the signals in the capacitance elements C12, 
C14, C16, andC18. 

Next, a pulse is applied to the terminal 4 and the 
MOS transistors M31 to M34 are turned on to connect 
a pair of capacitance elements, respectively. Thus 
the average value of the output lines for two cells can 
be obtained every two vertical lines. Then the aver- 
age value outputting as well as the reset operation 
are repeated by combining an application of the reset 
pulse to the terminal 2 and an application of the puls- 
es to the output lines L1 to L4. 

Thereafter, as shown in Fig. 12, the drive selec- 
tion lines H1 to H4 are selected sequentially and one 
by one to hold signals in the capacitance elements 
C11, C13, C15, and C17. Since the scanning is se- 
quentially made in accordance with the pulses L1 and 
L3, the output signal amplified for each cell appears 
as a time series signal to the terminal 12. 

Fig. 3 is a circuit diagram for the signal processor 
according to the sixth embodiment of the present in- 
vention. 

In the present invention, after the signals from 
four adjacent cells S11 , S21, S12, and S22 have been 
held, the average value of them is obtained by mixing 
them. 

Figs. 14 and 15 are drive timing charts for the 
present embodiment. According to the present em- 
bodiment, the signals from four adjacent cells are 
held and then mixed. Thus the average value ampli- 
fied is outputted to the terminal 12 in response to the 
pulse L1. Then a reset operation Is performed during 
the period T RS . Sequentially the signals held in the 
next four adjacent cells are mixed and then outputted. 
Then the reset operation is resumed. 

After the average value of the four blocks has 
been obtained, the signal for each cell is sequentially 
outputted to the terminal 12, as shown in Fig. 15. 

Fig. 16 shows the seventh embodiment accord- 
ing to the present invention. 

In the seventh embodiment, in order to simplify 
its'explanation, the signal sources S1, S2, S3, and S4 
are arranged one-directionally to output the signal 
from each signal source as well as the average signal 
of the adjacent signals. 

A brief explanation will be made below as for the 
operation of the present embodiment with reference 
to the timing chart shown in Fig. 17. 

When a pulse on the terminal 12 rises up at the 
time to, the MOS transistor Mij (i = 1 - 4, J = 1 - 3) is 
turned on. A signal is read out of each signal source 
to the capacitance element Cij (i = 1 - 4, J = 1 - 3). 
Three capacitance elements Cij (j = 1 - 3) are connect- 
ed in parallel to each signal source Si (1 = 1 - 4). The 
same signal Si is read out of the three capacitance 
elements. 

At this time, the setting condition is = 2C n = 
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2C, 3 = C (i = 1 - 4). When the pulse L1 rises up at the 
time U and the pulse L2 rises up at the time t 8 , the sig- 
nals on the capacitance elements C11 and C12 are 
read out on the output line 5 and then is outputted the 
terminal 12. At this time, when the reset voltage of the 5 
terminal 3 is GND and the signal voltages V1 on the 
capacitances C11 and C12 are read out on the output 
line 5, the voltage is expressed as follows: 

C11V1/(C11 + C2), C12V1/(C12 + C2)( = 

CV1/(C + C2)) (4) 10 
Next when the pulse L3 rises up at the time tg, the 
MOS transistors T13 and T21 are simultaneously 
turned on, whereby the voltage on the capacitors C13 
and C21 are read out on the output line 5. When the 
signal voltages of the capacitance elements C21, 15 
C22, and C23 are V2 f the signal voltage read on the 
output line 5 is as follows: 

(C13V1/C21V2)/(C13 + C21 + C2) = (1/2){C(V1 

+ V2)}/(C + C2) (5) 
This means that the average of signals from the sig- 20 
nal sources S1 and S2 is outputted. 

In this sequential operation, the signal Si is first 
outputted, the signals Si and S i+1 are then outputted, 
and the signal is sequentially outputted. Since the 
average signal from the adjacent signal sources is 25 
serially outputted between the signals from the orig- 
inal signal sources, the image resolution can be arti- 
ficially improved. 

For the simplified explanation, the signal source 
is one-dimensionally arranged in the present embodi- 30 
ment. However, the image resolution can be two-di- 
mensionaily improved by two-dimensionally arrang- 
ing the signal source to perform the same operation 
to the vertical signal. 

According to the eighth embodiment of the pres- 35 
ent invention, the signal from the photo cell is output- 
ted as an outline underlining signal. 

The following Laplacian is used as the image un- 
derlining method used conventionally. 

V*f = (&f/dx*) + (32f/3y2) (6.1) 40 

The method is well-known, which transforms the sig- 
nal f(i, j) of each image to the two-dimensionally im- 
age data as follows: 

f'(ij) = 5f(ij) - {f(i + 1 j) + f(i - 1 j) + f(i.j + D 

+ (ij - 1)} (6.2) 45 

(refer to Rosenfeld Kak, "Digital Picture Processing", 
Academic Press). 

f(0 = 3f(i) - {f(i - 1) + f(i + 1)} (6.3) 
Similarly the transforming method is effective to the 
one-dimensional image data. That is, subtracting the 50 
Laplacian (the average value of the horizontally and 
vertically adjacent images) of the image from the 
original image can weaken the image blur, thus real- 
izing the underlined image. 

The operation of the present embodiment will be 55 
briefly explained with reference to Fig. 1 8. In the pres- 
ent invention, three signal holding capacitances Cij (j 
= 1-3) are connected in parallel to each pixel Si (i = 



4A2 12 

1 - 4), each capacitance value being set as follows: 
C, 2 = 3C„ = 3C I3 = 3C(i = 1-4) (6.4) 
The operation is substantially the same as that of 
the conventional signal processor. First a signal from 
each pixel Si (i = 1 - 4) is read to the capacitance Cij 
(j = 1 - 4, j = 1 - 3) . Next, it is different from the con- 
ventional operation in that the scanning circuit 12 
transfers the signal held in the capacitance Cij to the 
output line 5. For example, when a pulse is inputted 
to the output line L1, the MOS transistors T13, T22, 
and T31 are turned on. As a result, the charges stored 
in the capacitance C22 are transferred to the output 
line 5 while the charges stored in the capacitances 
C13 and C31 are transferred to the output line 5\ If it 
is assumed that the signal voltages held by the capac- 
itances C13, C22, and C31 are V1, V2, and V3, re- 
spectively, the transfer operation makes the reset po- 
tentials of the output lines 5 and 5' (the potentials of 
the terminals 3 and 3') to the GND level, whereby the 
potentials of the output lines 5 and 5' are expressed 
as follows: 

V5 = C22V2/(C22 + C3) = 3CV2/3C + C3) 
(6.5) 

V5' = (C13V1 + C31V3)/(C13 + C31 + C3' + 
C D ) = C(V1 + V3)/(2C + C D + C3') (6.6) 
where C3 represents chiefly a drain parasitic capac- 
itance of the MOS transistor Tmn (m = 1 - 4, n = 1 - 
3) connected to the output lines 5 and 5', the C3 is a 
wiring capacitance of the output lines 5 and 5'. In the 
present embodiment, a dummy MOS transistor is 
connected to the output line 5 to equalize the wiring 
structure so that the capacitances C3 and C3' are 
agreed to each other. Moreover setting the dummy 
capacitance C D to value C can equalize the denomi- 
nators of the expressions (6.5) and (6.6) to each 
other. Hence the element 30 can produce the differ- 
ence (V5 - V5'). The photoelectric conversion device 
can calculate the expression (6.3) to underline the im- 
age. 

In the present embodiment, the one-dimensional 
photoelectric conversion device is shown to simplify 
the explanation thereof. It is apparent that a two-di- 
mensional photoelectric conversion device can un- 
derline the image by operating the expression (6.2) 
on the same chip in the same manner. 

In the present embodiment, the expression (6.3) 
is operated in order to underline the outline of an im- 
age. However, only the image of the outline can be 
outputted by operating the following expression: 

f(i) = 2f(i) - {f(i - 1) + f(i + 1)} (6.7) 
In concrete, the process can be realized by setting the 
values of the signal holding capacitances (shown in 
Fig. 18) in accordance with the following expression: 

C !2 = 2C M = 2C !3 = 2C(i = 1-4) (6.8) 
Similarly it is apparent that a two-dimensional photo- 
electric conversion device can be realized. In the 
present embodiment, the holding capacitance values 
are set in accordance with the expressions (6.4) and 
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Moreover, it is known that a MOS capacitance 
forming the capacitance element indicates the capac- 
itance characteristics with respect to the gate to sub- 
strate voltage, as shown in Fig. 19. Therefore in the 
present invention, the holding means formed of a 
MOS capacitance can be externally adjusted in its ca- 
pacitance value by varying the substrate potential. 

Fig. 20 is a circuit diagram for the signal proces- 
sor according to the ninth embodiment of the present 
invention and Fig. 21 is its drive timing chart 

The present embodiment differs from the third 
embodiment shown in Fig. 6 in that the scanning cir- 
cuit 11 ' and the MOS transistors M51 and M52 are 
prepared to output sequentially the average value. 

In the present embodiment, a pulse at a high level 
is inputted to the terminal 1 at the time t\ to hold the 
output signals of all the cells S1 to S4 to the capaci- 
tance elements C11 to C14, respectively. Next, a 
pulse at a high level is inputted to the terminal 4 at the 
time t 2 so that two adjacent capacitance elements are 
connected in common to mix signals. When a pulse 
at a high level is applied to the terminal 2 at the time 
t 3 , the common output line 5 is once reset to the reset 
potential of the terminal 3. 

Next, the scanning circuit 11' inputs a pulse at a 
high level to the gate of the MOS transistor M51 at the 
time U to output the average value. 

In such a manner, the pulse at high level of the se- 
quential scanning circuit 11 ' is shifted and then the 
average value amplified chronologically is outputted 
to the terminal 12, , 

After the average value has been completely out- 
putted, the discrete signal outputting operation is per- 
formed for each cell. Signals of all the cells S1 to S4 
are held to the capacitance elements C11 to C14 at 
the time t*. Next the scanning circuit 11 supplies a 
shift pulse at a high level to the gate of the MOS tran- 
sistor M21 at the time U to output the signal of the cell 
S1 to the terminal 12. Since the pulse at a high level 
is shifted to the output lines L1 to L4, the signals of 
all the cells are amplified as sequential time series 
signals that appear on the terminal 12. 

Fig. 22 is a block diagram showing a system em- 
ploying the signal processor according to the present 
invention. The sample hold circuit 91 acting as signal 
holding means holds respectively 200 output signals 
in total as signals for 200 cells from the cell array 90 
acting as a signal source. 

The signal mixing means 92 mixes four adjacent 
signals using the signals held to produce discrete 50 
mixed signals. The mixed signal processing circuit 94 
processes the compressed signals, determines the 
area to be subjected to a high resolution signal proc- 
ess, and then supplies the area specifying signal to 
the discrete signal processing circuit 93. If the dis- 
crete signal processing circuit specifies the first block 
in the cells S1 to S4 as a specified area, only the dis- 



91 corresponding to the first diock io execute a bigndi 
process. 

As described above, since the output terminal 96 
5 prdduces low resolution (low density) information 
based on the compressed mixed signal, the informa- 
tion of the entire signals can be roughly obtained. In 
addition, since high resolution (high density) informa- 
tion of a specific area is provided at the output termi- 
10 nal, detailed information of a part of the entire signal 
can be obtained. 

As described above, according to the embodi- 
ments of the present invention, since the mixed sig- 
nals smaller in number than signal sources are proo- 
fs essed, the signal processing rate can be improved. 

Fig. 23 is a drawing indicating best the feature of 
the tenth embodi ment of the present invention. Refer- 
ring to Fig. 23, numeral 101 represents a sensor bi- 
polar transistor, 102 represents a drive MOS capacn 
20 tance, 103 represents a base reset MOS transistor, 
1 04 represents a drive wiring, 1 05 represents an out- 
put wiring, 106 represents a signal transfer MOS tran- 
sistor, 107 represents an input transistor for a MOS- 
type inversion amplifier, 108 represents a load resis- 
25 tor for the MOS-type inversion amplifier, 109 repre- 
sents a horizontal transfer MOS transistor, 110 rep- 
resents a vertical shift register for supplying a drive 
signal to the drive wiring, 111 represents a horizontal 
shift register for driving the horizontal transfer MOS 
30 transistor, 112 represents a common output line, and 
113 represents an emitter reset MOS transistor. 

Numeral 114 represents a signal transfer MOS 
transistor, 115 represents an input transistor for a 
second MOS-type inversion amplifier, 116 repre- 
35 sents a load resistor for the second MOS-type inver- 
sion amplifier, 117 represents a second horizontal 
transfer transistor, 119 represents a second horizon- 
tal shift transistor, and 119 represents a second com- 
mon line. 

40 The operation of the present embodiment in- 
cludes (1) accumulating operation (2) reading opera- 
tion, and (3) resetting operation. In Fig. 24, the accu- 
mulating operation starts from the time (time tj when 
a bias is reversely applied between the base and 

45 emitter of the sensor bipolar transistor 101 after a 
completion of the reset operation. The base potential 
increases as holes produced due to incident light are 
accumulated in the base region and the depletion lay- 
er between the base and the collector. With the pos- 

50 itive <DV1 at the accumulation completion time (time 
y, the reading operation starts when the base poten- 
tial is positively boosted via the capacitive coupling of 
the drive MOS capacitance 106 to bias forward be- 
tween the base and the emitter. Since the emitter po- 

55 tential comes to a certain potential difference near to 
the base potential due to the capacitance load, the 
differential of the base potential at the accumulating 
operation appears on the emitter terminal. Then the 



5DOCID- <EP 0816464A2_L> 



15 



EP 0 616 464 A2 



16 



transfer MOS* transistor is turned on at the timing <DT. 
The signal is transferred to the gate of the input tran- 
sistor 107 in the amplifier via the output line 105 and 
the transfer MOS transistor 106. Next when the trans- 
fer MOS transistor 1 06 is turned off, a reset operation 
is started. 

The reset operation in the present invention in- 
cludes two operations combined. In the first reset op- 
eration (time y, the base reset MOS transistor 103 
is turned on to ground the base. In the second reset 
operation (timd tc), the positive 0>ER first turns on the 
emitter reset MOS transistor 103 to ground the emit- 
ter so that the OV1 is made positive. Since the base 
is positively boosted to bias forward between the 
base and the emitter, the recombination of the elec- 
trons and holes reduces the base potential. When the 
<DV1 is made off, the reset operation is completed. 
Then the next accumulating operation is started. 
While the accumulation proceeds at the pixel portion, 
the MOS-type insersion amplifier receives the signal 
transferred to its gate and then current-amplifies. The 
signal is read out sequentially to the common output 
line in response to the pulses 0»H1 - OH3. 

The present embodiment features that the sen- 
sor bipolar transistor with sufficiently high current 
amplification factor enables to read the sensor output 
times in plural number. Hence according to the con- 
figuration of the present invention, a rough image 
process is made in accordance with the addition out- 
put and then the sensor output is sequentially read 
again out for each pixel. Hence the configuration is 
very effective to perform a signal process. 

An explanation will be made in detail as for the 
operation of the above circuit with reference to Fig. 
24. 

The signals corresponding to the pixels M1 and 
N1 are read out at the time t„. The signal is read to the 
gate of the input transistor 1 07 in the MOS-type inver- 
sion amplifier by turning on the transfer MOS transis- 
tor 106 using OT1. After the transistor 106 is turned 
off by the <DT1, the pixels M1 and N1 are reset to re- 
sume the next accumulation. Sequentially, when the 
<T»V2 and <DT2 are made on, the signals M2 and N2 are 
read out After the pixels M2 and N2 are subjected to 
the reset accumulation operation, the signals M3 and 
N2 are sequentially read out by making on the 0>V3 
and <DT3. The input transistor 1 07 flows a current be- 
tween its source and its source in accordance with 
the signal inputted to its gate. The resistor 108 pro- 
duces a potential drop due to the flowing current. As 
described in Fig. 23, in case plural input transistors 
1 07 are connected to a single load resistor 1 08, an ad- 
dition current of the plural transistors flows through 
the load resistor 108. In Fig. 23, the voltage drops cor- 
responding to the signals of six pixels M1 to M3 and 
N1 to N3 are added and then outputted. As described 
above, the sensor can perform a simple signal addi- 
tion by merely receiving a pulse. In the present em- 



bodiment, a 2 x 3 pixel addition has been explained. 
However, the connection may be changed in uses 
without limiting to the present embodiment. 

When it is desired to output respectively the senr 
5 sor output for each pixel, it may be read out to the sec- 
ond common output line 119 by operating the second 
reading system and the elements 114 to 118 shown 
in Fig. 23. 

Fig. 25 is a diagram showing best the feature of 

10 the eleventh embodiment. Numeral 301 represents a 
MOS transistor switch. In the present embodiment, 
when the MOS transistor switch 301 is turned on in 
response to OG to operate at the timing shown in Fig. 
24, an addition of the 2x3 pixel signal can be derived. 

15 When the MOS transistor switch 301 is turned off in 
response to OG to operate at the timing shown in Fig. 
26, each pixel signal can be read sequentially. 

Fig. 22 is a drawing indicating best the feature of 
the twelfth embodiment. Numeral 401 represents a 

20 clamp capacitance and 402 represents a reset MOS 
transistor. In an explanation on the operation of the 
present circuit shown in Fig. 28, the reset is made to 
a fixed potential by turning on the reset MOS transis- 
tor 402 while the emitter reset voltage is read out at 

25 the timing te before the sensor signal reading time. 
Then since the output can be read out, the fixed va- 
riations occurring in each reading system, for exam- 
ple, offset variations in the amplifier unit, is removed, 
whereby the output can be obtained with higher accu- 

30 racy. 

The reading amplifier should not be limited to the 
above mode. According to the thirteenth embodi- 
ment, as shown in Figs. 29A and 29B, the amplifier 
may includes P-channel MOS transistors (Fig. 29A) 

35 or bipolar transistors (Fig. 29B). The resistor should 
not be limited to a fixed resistor. 

Moreover, according to the present invention, the 
amplification-type sensor should not be limited to BA- 
SIS. The same effect can be obtained using charge 

40 modulation devices (CMDs) or MOS-type amplifica- 
tion-type photoelectric conversion elements. 

The present embodiment described above is ef- 
fective in case where it is desired to recognize the 
average signal level of an image area to execute a 

45 signal process in response to a signal from a sensor, 
or to recognize a rough distribution in signal amount 
of an image area to execute a detail signal process 
to a specific area. For example, in order to examine 
the detail distribution in signal amount after the dark- 

so est area in an image area has been roughly extracted, 
the conventional sensor must execute a sophisticat- 
ed image process. It is necessary to perform the 
above averaging process and an area division after 
all signals of an image area have been once stored in 

55 a memory in a signal processing system. Hence such 
a process makes the signal processing system com- 
plicated and large, thus taking a relatively long proc- 
essing time. 
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simple pulse to the signal reading portion in a sensor, 
and then supplies the output to the signal processing 5 
system. Thus the information processing system can 
be more simplified, whereby the processing time can 
be shortened. 

As described above, preparing the means for 
adding and outputting signals from plural signal 10 
sources allows the signal processor to be further sim- 
plified and miniaturized, thus decreasing the signal 
processing time. 

15 

Claims 

1. A signal processor comprising: 

plural signal sources; 

plural signal holding means for holding 20 
output signals from said plural signal sources; 
and 

signal mixing means for mixing at least two 
discrete output signals among the output signals 
held by the plural signal holding means to output 25 
plural discrete mixed signals. 

2. A signal processor according to claim 1 , wherein 
. said signal holding means comprises a capaci- 
tance element. 30 

3. A signal processor according to claim 1 , wherein 
said signal holding means comprises a variable 
capacitance element. 

35 

4. A signal processor according to claim 1 , wherein 
each of signal sources comprises a photoelectric 
conversion element. 



5. A signal processor according to claim 1, further 
comprising an amplifier arranged between said 
signal sources and said signal holding means. 

6. A signal processor according to claim 5, wherein 
said amplifier includes a circuit for producing a 
differential between said output signal from a 
corresponding signal source and a reference sig- 
nal. 

7. A signal processor comprising: 

at least four signal sources; 

plural signal holding means for holding 
output signals from said signal sources; 

signal mixing means for mixing at least two 
discrete signals among output signals held by 
said plural signal holding means to produce at 
least two mixed signals; and 

discrete signal outputting means for pro- 



8. A signal processor according to claim 7, wherein 
said signal mixing means includes a switch which 
connects at least said two signal holding means 
to each other, and a scanning circuit and wherein 
said discrete signal outputting means includes a 
switch arranged to each of said signal holding 
means, and a scanning circuit. 

9. A signal processor according to claim 7, wherein 
said discrete signal outputting means selects a 
discrete signal to be outputted based on informa- 
tion obtained by said signal mixing means. 

10. A signal processor according to claim 7, wherein 
signal sources of a predetermined number 
among said plural signal sources output discrete 
signals based on said mixed signals after said 
signal mixing means outputs mixed signals from 
all said plural signal sources. 

11. A signal processor comprising: 
means for adding signals from plural sig- 
nal sources, including means for adding signals 
from said signal sources and converting to a cur- 
rent; and means for outputting a signal is accor- 
dance with an added current. 

1 2. A signal processor according to claim 11 , where jn 
said adding means comprises a MOS transistor 
having a gate connected to each signal line via a 
switching MOS transistor, a source connected to 
a common power source line, and a drain con- 
nected in common to said plural signal sources, 
and a load resistor having one end connected to 
the drain connected in common. 

40 13. A signal processor according to claim 11, wherein 
said adding means comprises a bipolar transistor 
having a base connected to each signal line via 
v a switching MOS transistor, an emitter connected 
to a common power source line, and a collector 

45 connected in common to said plural signal sourc- 
es, and a load resistor having one end connected 
to the collector connected in common. 

14. A signal processor for reading out data from a 
50 plurality of signal sources, and means for selec- 
tively outputting data from said signal sources 
either serially or as combinations of selected se- 
quences thereof. 

55 1 5. A method of signal processing in which data stored 
in a plurality of signal sources is either output in ser- 
ies or is read from stored combinations of selected 
sequences of the outputs of the data sources. 
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@ A signal processor with a simplified circuit 
configuration provides an improved processing 
speed and can be realized of small size and at 
inexpensive cost. The signal processor includes 
signal holding means for holding output signals 
from plural signal sources (S1 - S4), and signal 
mixing means (M31 - M34) for mixing at least 
two signals among the plural signals held to 
output plural mixed signals. Since the mixed 
signals are less than the signal sources in num- 
ber, the small number of signal lines can lead to 
an increased processing speed. Then the mixed 
signals corresponding to discrete signals from 
plural signal sources enables processing with- 
out substantially destroying information. 
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